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1.  PORPOaB 


The  purpose  of  this  research  and  developaent  eontraet  eas  to: 

1.  Establish  the  role  of  carbon  black  in  the  nitro>orgknie*oarbon  cathode. 

2.  Detemine  the  awchanisa  of  the  nitro  reduction  reaction. 

3.  Extend  the  developiBeKt  of  the  aagnesiunHa-dinitrobenzene  cell  to  es¬ 
tablish  properties  and  reliability  on  shelf. 
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2.  ABSIRACT 


A  survey  vas  nada  of  ejqpsrlMntal  and  eoamarelal  cazbon  blacks  for  use  vlth  m- 
dinltrobanzsns  in  oa^ieslun  cells.  The  specifleatloii  evolved  listed  low  density, 
large  surface  area,  hic^  electrical  conductivity  and  a  nayt—  volune  of  voids 
in  the  conspressed  caibon  black.  These  conditions  desuind  a  fluffy  carbon  black 
which,  in  the  presence  of  electrolyte,  retains  a  measure  of  structure  adefoate 
for  aassive  amiterlal  transfer  and  diffusion  processes,  lo  comserclal  carbon 
black  was  found  Ideally  suited  for  this  cathode  systen.  One  available  pure 
acetylene  carbon  black  can  be  adapted,  however,  by  means  of  an  intensive  me¬ 
chanical  "opening”  process,  especially  with  simultaneous  introduction  of  a 
small  qjuantlty  of  V^O^. 
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3.  EgmnnwAL  aid  mcrotL  nm, 


3*1  Hisionr  OF  FBOQRAN 

Nbx4c  prior  to  this  eontraet  nos  coodueted  in  port  undor  tHgtwil  Corps  Oasctrset 
HO.  Di-36-039-ac-78(Ad  fros  13  Arne,  1958,  to  20,  SsptsiAsr,  i960.  VIm  pxo- 
gm  eoBSlstsd  of  two  sojor  srsss  of  effort;  «  Research  Phase  sad  a  Perelof 
aeatal  Phase.  The  results  are  suHMolsed  briefly  in  the  foUoviag  seetisns. 

3.1.1  Research  Phase 

During  the  course  of  the  previous  eootraet,  aany  elassM  of  orguiie  cathode 
■aterlals  were  studied.  Ihe  work  on  orgsnie-nitro  eoapounds  as  cathode 
aaterials  was  extended  to  various  heterocyclic  ecaopounds,  such  as: 

(1)  nitrppyridines;  (2)  nitropyriaidines;  (3)  aitrofursns;  and  (k)  aitro- 
thiophenes,  ihese  aaterials,  as  predicted  by  theory,  offer  proadse  for  the 
developsent  of  cathode  aaterials  with  half -cell  potentials  O.05  to  0.20 
volt  higher  than  are  now  obtained  froa  a-dlnltrobsnsene  (a-m) .  A  hi^ier 
operating  voltage  is  very  desirable  for  the  desl^i  of  batteries  that  re- 
qiuire  a  1.0  v  per  cell  or  higgler  cut-off  voltage. 

Ihe  theory  eoneeming  the  effect  of  substituent  groups  on  the  qperatliV 
voltage  was  developed  so  eoapounds  could  be  selected  for  synthesis  with 
the  best  balance  between  capacity  and  opsnitlng  voltage. 

Ihe  general  role  of  carbon  and  water  in  a  aagossiiai-nitro  ergsaie  cell  was 
deterwdned.  Ihe  capacity  of  a  practical  cell  is  a  Amotion  of  the  anode 
efficiency  and  the  ability  of  the  cathode  to  store  water  while  aaintalntng 
a  high  aapere-hoor  efficiency.  Ihls  latter  property  sets  sane  broad  re- 
qplrasents  for  the  carbon  used  in  the  cathode  aix.  Bieoe  are: 
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a.  high  surface  area 

h.  hl|^  electrolyte  retention  vhlle  naintainlng  good  electrical 
conductivity 

c.  hl£^  affinity  for  the  reactant  nltro  eosqpound 
3*1*2  DeveloBment  Phase 

A  detailed  stTidy  «as  made  of  the  perfoxvanee  of  soae  ox^pole  cathode  Baterlals 
in  practical  cells.  Of  the  nany  classes  of  organic  cathode  naterlals,  nltro 
organic  coog)ounds  were  selected  because  of  their  hi£^  theoretical  and  experl- 
mental  capacity.  These  organic  materials,  when  coupled  with  a  maffieslTai 
anode,  produce  dry  cells  with  a  flat  discharge  curve,  and  can  operate  over  a 
wide  range  of  current  drains  within  the  voltage  Units  of  conventloBal  dry 
cells. 

Sunmrized  In  Figure  3-1  the  watt-hour  capeusltles  of  the  Hg/NgCclOi^)^/ 
mlUB  (ColuDblan  caz^on  1100  series)  system  compared  with  Mg/HgBTg/mlSB 
(Darco-G-60)  June  (1958),  Mg/MgBTg/MnOg  (Type  M),  Hg/MgBrg/ltaOg  (African), 
and  Zn/m^Cl-ZnClg/  electrolytlc-ltoOg  systems  as  a  function  of  discharge 
rate.  The  data  for  the  Ng-mIMB  extern  represent  over  50^  lig>roveBsnt 
since  the  start  of  the  previous  contract.  Ibese  data  show  the  excellent 
watt-hour  capacities  attained  by  the  use  of  organic  compounds.  Capacities 
in  excess  of  90  w-hr/lb  were  obtained  at  practical  discharge  rates. 

It  can  be  seen  that  for  batteries  of  the  sane  capMlty,  a  Mg-m-dlnltroben- 
zoie  battery  %flll  weigh  29^  less  than  a  Mg-MiOg  (9|yn),  and  V3jt  less  than 
Leclanche  batteries  with  the  best  foznulatlons. 

Shelf  studies  show  that  Hg-mlllB  cells  %rlth  either  a  MgBr^  or 
electrolyte  have  a  favorable  shelf  life. 

Oto  characterize  the  Hg-mDIIB  system  more  fully.  Its  tenqperature  dependence, 
impedance,  emd  delayed  action  (time  to  reach  operating  voltage)  were 
determined.  Ibe  latter  two  properties  were  studied  because  of  the  unusual 
Impedance  and  delayed  action  characteristics  of  magnesium  cells. 
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3-1.  CAPACm  DftXA  FOR  VARIOUS 


Hm  tflivemture  dapeaduee  ovar  tha  taagparaitura  xmtg»  4110*0  to  -30*0  of 

tha  oporatlng  voltaga  and  capoelty  of  Mg/ngBr^tUMB  (Sareo  0-60)  A-ealla 

diacbargad  tbrooi^  a  20-olia  raalatanea  au  alao  dataxalnad*  Iho  eapael^ 

aarlad  llnaarlj  with  toaparatore  otrar  tha  afUM  tcapazatiura  xanga.  Iha 

d(cap)  aaa  O.87  aatt-hours  par  pound  par  *C«  Eq^raoaad  aa  eapael^  ratan- 
dt 

ti«B  vlth  tha  equity  at  20*0  takan  as  JMjt,  tha _ 

dt 


It  should  ba  aq^hasised  that  this  lov-tsaqperatura  parfozaance  aaa 
achiavad  vlth  the  noxBud  alaetrolyta  (2V). 


The  iiqpedeuiee  of  Kg/Me^g/iBllIB  A-eells  aas  aeesured  by  ajbacbniqpe  pre¬ 
viously  described.  nie  Inpedance  of  eoaqparable  *slse  calls 

aas  aeasured  \inder  similar  conditions  and  found  to  ba  tbs  same  as  that 
noted  for  Hg/He^g/MhOg  cells.  This  shove  that  the  high  impedance  chaxne- 
terlstlc  of  the  organic  system  Is  due  to  the  magpeslum  anode  and  should 
not  be  any  more  serious  a  problos  than  It  Is  for  other  matfaastus  calls. 


Ibe  delayed  action  of  Ng(AZ-10A)^(e^2/mIflB  and  lfg(AZ-lQA)/)fg(C!ljOj^)g/anD 
cells  was  measured  on  tests  simulating  transceiver  operation.  Prelim! nary 
results  have  shown  that  the  delayed  action  of  m-lVB  cells  vlth  maffiasimB 
perchlorate  electrolyte  Is  considerably  lass  than  that  of  cells  with  a 
magnesium  bromide  electrolyte,  and  is  similar  to  the  delayed  action  ahomn  by 
Hg/iigBrg/MnOg  cells  of  coaparable  size. 


Poxanilatloos  and  fabrication  techniqiaes  for  nagneslisB  cells  with  m-m 
and  sladlar  nitro-jorganlc  cathode  materials  were  established.  The 
Important  properties  of  the  caxboifand  the  need  for  a  high  anode  efficiency 
were  also  studied.  It  was  found  that  the  Colmiblan  cazbcn  1100  series, 
which  has  a  high  percentage  of  electrolyte  retention,  gave  the  best  per- 
foimanee. 


3.2  TECBHICAL  AFFROACH  TO  PRESENT  CONTRACT 

The  work  program  was  planned  In  two  sections,  a  research  phase,  and  a  develop¬ 
ment  phase. 


3-4 


3«2.1  Itotrod\ictlon 


The  Research  ]^iase  extexided  the  scope  of  the  m-SHB-caxhoa  studies  pre> 
viously  conpleted  (Contract  M-36-039-SC-78048)  to  detexvlne  the  funda¬ 
mental  properties  of  the  caxhon  affecting  cell  perfoxnsnee,  since  the 
developnent  of  a  practical  magnesium  cell  depended  upon  gaining  a  thorough 
understanding  of  the  function  of  carbon  In  the  nltro-orgsnle  cathode.  It 
vas  expected  that  Improvements  In  cathode  efficiency  and  operating  voltage 
vould  result  from  a  better  understanding  of  the  nltro  reduction. 

The  Development  pheise  vas  planned  to  characterize  the  magneslimi-m-I3HB  cell 
vlth  the  best  ccmmerclal  carbon  black.  Ihls  program  of  appUcatlcm  studies 
vas  edso  to  e3q>lore  delayed  action  and  Intermittent  service. 

Iftiexpected  results  and  problems  vlth  carbon  black  revealed  the  crucial 
relatlcm  of  this  material  to  efficient  use  of  m-DHB  In  dry  cells.  The  most 
recent  evidence  on  trace  Impurities  In  carbon  black,  together  vlth  alter¬ 
native  methods  of  cathode -mix  preparation,  now  promises  the  optimal  use  of 
the  organic  depolasrlzer. 


3.2.2  Experimental  and  Factual  Data 

3. 2. 2.1  The  Role  of  Ceoibon  In  m-IXlB  Cells 

Prior  vork  under  contract  DA- 36-039- SC-780U8  established  the  importance 
of  carbon  In  the  performance  of  the  m-mB  cell.  The  greater  improve¬ 
ment  In  cell  capeuslty  vas  achieved  by  the  use  of  a  more  efficient 
carbon.  Since  cell  capacity  Is  mainly  dependent  on  characteristics 
of  the  carbon,  the  major  emphasis  of  research  studies  vas  placed  on 
gaining  an  understanding  of  the  carbon  function. 


The  energy  producing  reactions  In  the  magnesium  m-DRB  cell  are  given 
by  the  following: 


SHgO  ♦12e“ 


12(0H)“  (1) 


6  Mg  ♦  12(0H)"  6  MgCOH)^  +  12e“ 


(2) 
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since  It  Is  a  non-conductor,  m-niB  mast  1)6  in  contact  vlth  the 
cation  in  order  for  reduction  to  take  place.  Also>  It  Is  seen  fron 
eg]uatlon  (l)  that  water  Is  essmitlal  at  the  reaction  site.  Since 
m-EHB  has  a  room-temperature  water  solubility  of  0.057)^  (Bellsteln) 
and  of  about  0,1$  In  2N  Mg(C10|^)2,  It  Is  plausible  that  the  critical 
st^  of  putting  the  m-IXIB  Into  electrical  contact  with  an  active 
carbon  site  must  be  dissolution  of  solid  m-IXIB,  followed  by  Its 
diffusion  to  the  ceurbon  surface.  Hlc^  surface  area  alone,  as 
measured  by  the  standard  gas-adsorption  techniqiae  and  size  distribu¬ 
tion,  Is  not  a  criterion  for  a  good  carbon  In  the  m-lMB  system. 
Surface  area  values  do  not  correlate  to  the  custlvlty  with  m-niB,  as 
evidenced  by  the  wide  variation  In  performance  with  hlgh-surface- 
area  caxbons. 

Neither  does  a  high  wettablllty-to-electrolyte  characteristic  In  a 
carbon  correlate  to  efficient  cell  perfonnance.  Significantly,  the 
phenomenon  of  vetting  of  carbons  can  be  observed  as  diverse  sequences 
of  distinct  steps,  ranging  from  lyophoblc  to  lyophllic,  resulting  In 
a  persistent  fractionation  of  a  seemingly  homogeneous  carbon  powder. 
Some  carbons  acquire  a  water  structure  which  can  persist  or  decay 
on  aging,  depending  on  temperature,  pressure,  or  agitation. 

Initial  Investigation  showed  that  the  preliminary  requirements  of  a 
carbon  for  use  In  the  cathode  are: 

a.  high  active  .surface  area  and  good  electrical  conductivity 

b.  high  affinity  for  the  reactant  nltro  conpound 

c.  high  electrolyte  retention 

(a)  and  (b)  can  be  considered  as  that  fraction  of  the  carbon  surface 
having  a  hl^  sustlvlty  toward  the  reduction  of  m-ONB.  Carbon  adsorp¬ 
tion  was  studied  as  one  method  of  detemlning  this  activity  among  the 
various  carbons. 


3*2.2.2  m-WB  Adsorption  Studies 


Various  methods  were  Investigated  to  measure  the  specific  affinity  of 
carbons  for  m-IXIB  in  the  presence  of  2N  Mg(Cl(^)2  electrolyte,  tEhese 
methods  were  examined: 

a.  adsorption  of  m-DNB  by  known  amount  of  caobon  from  2X  MgCciO]^)^ 
containing  excess  m-IX)B,  avoiding  direct  contact  of  solid 
m-IXiB  and  carbon.  The  quantity  of  m-IDB  absorbed  Is  detexmlned 
by  coulometric  analysis. 

b.  agitation  of  carbon  in  electrolyte  satvurated  with  m-niB  and 
aliquot  analysis  of  the  exhausted  electrolyte. 

c.  centrifuge  tests  of  caubon  and  electrolyte  saturated  with 
m-I]NB  to  measure  volume  effects  upon  the  caxbon.«etting 
vaurlables.  The  degree  of  m-CNB  8uisoxi>tlon  can  be  meuured 
by  analysis  of  exhausted  electrolyte. 

d.  coulometric  analysis  of  various  carbon  electrodes  in  the 
presence  of  excess  m-ENB  electrolyte.  These  studies 
determine  the  rate  of  m-DNB  adsorption  or  activation  on  the 
carbon  surface  under  discharge  conditions. 

Ibese  studies  were  made  to  determine  the  role  of  the  carbon  in  the 
m-CNB  cell  eind  the  carbon  properties  associated  with  efficient  cell 
performance.  Ibe  suitability  of  a  particular  cenbon  was  examined 
through  extensive  cell  testing  over  a  range  of  cathode  mix  couqsosi- 
tlons  in  the  developnent  phase  of  the  contract. 

3. 2. 2. 3  Adsorption  of  m-DNB  by  Carbon  Black 

Adsorption  studies  were  conducted  with  various  (k>lumblan  and  ccnsMTCial- 
ly  available  carbon  blacks  in  a  2N  MgCClOj^)^  electrolyte  saturated 
with  m-MB.  The  Initial  investigations  evaluated  the  ability  of 
various  carbon  blacks  to  adsorb  m-diB. 
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/^Oj^lonJFest 

The  choice  of  a  test  method  vas  guided  by: 

a.  the  low  solubility  of  a-llIB  in  the  2H  HgCciOi^)^  electrolyte 
(1*0  gran  per  liter) 

b.  the  time  required  to  reach  equilibrium  following  the  intro¬ 
duction  of  the  eaxb<m-blaek  sample  into  the  solution,  and 

c.  the  eMe  of  quantitative  transfer  of  the  carbon-black  sample 
into  the  wet-test  cell. 

The  apparatus  is  shown  in  Figure  3-2. 

The  csuibon  blacks  tested  showed  wide  variations  in  dry  and  wet  bulk, 
amd  in  wettability.  For  this  resuson,  prolonged  dispersion  of  the 
carbon  black  in  the  electrolyte  wm  necessary.  Various  ratios  of 
csubon/m-niB  were  used  during  Initial  testing.  It  was  deteisdned 
that  the  optimum  carbon  black-electrolyte  mixture  consisted  of  0*5 
gram  of  carbon  black  dispersed  in  250  ml  of  2If  HgCclOi^)^  satu¬ 
rated  with  m-niB*  This  ratio  aidequately  meets  the  requireuMXts  for 
the  m-Uffi-adsoiptlon  range,  and  provides  a  cathode  of  suitable  slse 
for  the  wet-cell  test. 

Operations^,  detsdls  and  analytical  procedure  of  the  adsorption  test 
were  given  in  our  Second  Quarterly  Report,  pp.  U-k  and  5'1« 

Bvaluatlon_of  0a^bon_Ua£k_A^or2tion 

The  ability  of  various  carbon  blacks  to  adsorb  n-IMB  from  a  SB  MgCClOi^)^ 
electrolyte  saturated  with  m-ONB  ranges  from  zero  raiKtval  to  almost 
total  removal.  The  lowest  degree  of  adsorption  occurred  with  csubon 
blacks  supplied  by  Atlas  (Oarco),  Cabot,  and  Shawinlgsn.  In  this 
property,  these  carbon  blacks  are  similar  to  the  Cblonbiaa  (CBR)  10867 
series.  Hi^er  adsorption  values  were  recorded  for  the  CBH  P-UOO 
series.  The  hii^est  adsorption  values  were  found  with  carbon  blacks 
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of  the  CKI  HR«i670  series.  Table  3.1  gives  m-INB-adsorptlon  and 
capacity  data  for  various  Colunbiem  and  conmerclally  available 
ceurbon  blacks.  A  correlation  of  adsorption  with  capacity  data  for 
AZ-10  magnesium  A-Cells  is  shown  in  Table  3.1.  Manufacturers'  data 
for  several  carbon  blacks  are  given  in  the  Appendix>  2nd  ^aarterly  Report. 

Figure  3>3  presents  a  coiapeurls(»i  of  data  obtained  from  testing  three 
types  of  Columbian  carbon  blacks  and  several  other  carbon  blacks 
conmerclally  available  from  other  suppliers,  nie  samples  of  carbon 
black  with  adsorbed  m-nc  vere  discharged  at  ^O-na  constant  current. 

The  curves  show  that  m-EMB  adsorbed  on  CBN  P- 1100-series  and  HR 
1670- series  carbon  blacks  is  utilized  more  efficiently  than  it  is 
with  CBN  IOS67  ceubon  blacks.  The  Columbian  (CBN)  samples  are 
superior  to  the  Darco,  Cabot,  and  Shavlnigan  ceubcm  blacks  in  this 
respect.  The  voltage  decline  was  lowest  for  the  CBN  HR  I67O-3386 
sample. 

The  voltage  data  presented  in  Figure  3-3  are  lower  them  the  true 
polarization  data  because  the  values  Include  an  internal  resistance 
drop.  This  drop  is  characteristic  of  the  electrolyte,  appeuratus, 
and  test  procedure.  Voltage  levels  are  Important  in  the  eval\iati<m 
of  the  activation  and  polarization  characteristics  of  carbon  blacks. 

In  the  studies  conducted,  the  time  required  to  reach  the  sharp-break 
point  on  the  volteige-tlme  curve  yields  the  coulomblc  capacity  used 
in  comparisons  of  the  adsorption  and  efficiency  of  m-lKB  with  various 
carbon  blacks. 

The  adsorption  data  show  that  CBN  HR  1670-3386  carbon  black  has  the 
greatest  affinity  for  ra-DNB  under  these  test  conditions.  This  carbon 
black  also  was  superior  to  the  others  tested  for  capacity  with  the 
30-ma  discharge  current.  Additional  0.3-gram  samples  of  CBN  P-UOO- 
CL  20212  and  CBN  HR  1670-3386  carbon  black  were  tested  by  exposing 
the  aanqples  to  300  ml  of  m-BNB-saturated  2N  MgCClOi^)^)  wd  discharging 
at  a  30-nia  current.  Ute  results  showed  an  increase  in  m-IMB  adsorp¬ 
tion  for  CBN  HR  1670-3386  cenbon  black  with  no  loss  in  efficimcy. 
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TABLE  3>1*  ABSCRPTlOir  AID  UBF-CBU.  CAPACm  FOR  a-D 

(Sheet  1  of  2) 
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Mb  significant  Increase  In  adsorption  sas  found  with  the  CBI  P-UOO- 
CL- 20212  earb<ni  black.  The  data  are  sumnarized  as  follows  for  0*5-6nB 
sanples  of  carton  black. 


CARBON  EXPOSED  TO: 

0.5  0B  CGUMBIAH  CARBON  BUCKS 

HR  1670-3386 

P-llOO-CL  20212 

250  ml  Electrolyte 

amount  of  m-DHB  adsorbed  (mg) 

233 

167 

discharge  time  at  50  ma  (min) 

420 

390 

cathode  efficiency  (^) 

78 

100 

amount  of  m-DHB  adsorbed  (mg) 

335 

174 

discharge  time  at  50  ma  (min) 

670 

420 

cathode  efficiency 

87 

100 

The  data  show  general  correlation  between  the  adsorbed  quantity  of 
m-ERB  and  its  ^-na  discharge  capacity,  nie  discrepancy  between  the 
aidsorbed  quantity  of  m-IRB  and  the  ^Hsa  dlactaarge  capacity  may  be 
due  to  any  of  the  following  reasons: 

a.  The  active  sites  on  the  carbon  black  cure  capable  of  deaorb- 
ing  the  discharge  products,  and  are  thus  available  for 
adsorbing  additional  m-mB.  This  can  permit  a  carbon  black 
having  an  Initially  poor  adsorptloi  to  give  better  results 
In  a  cell  than  a  carbon  black  with  a  very  hl{^  Initial  m>lliB> 
adsorption  value. 

b.  An  optimum  ratio  of  HgO/m-OHB  Is  not  medntalned  during  the 
life  of  the  carbon  black. 


c.  structure  breakdown  of  tbe  earbon  black  oeoura  by  mu» 
transport  during  discharge. 

d.  Desorption  of  a  qjuantity  of  m-IHB  into  the  electrolyte 
occurs  during  the  wet-cell  test. 

The  n-DMB  adsorption  test  adso  provides  data  on  the  dry  bulk  of  the 
carbon  black,  wettability  in  the  electrolyte,  sedlaantation,  and  be¬ 
havior  of  the  cax4>on  black  on  filtration.  As  a  general  rule,  the 
dense  or  nodular  earbon  blacks  adsorbed  less  m-OB  than  did  the  ultra- 
fine,  fluffy  carbon  blacks.  Slow  or  partial  wetting  suggests  a 
heterogeneous  surface  condition.  Ih  the  dense  earbon  blacks,  this 
chareusteristlc  may  inhibit  dispersion  and,  possibly,  the  access  of 
electrolyte.  The  degree  of  flocculation  emd  sedimentation  of  carbon 
black  dispersed  in  excess  electrolyte  may  iUvistrate  the  persistence, 
development,  or  change  of  a  heterogeneous  surface  condition.  Consider¬ 
able  variation  was  observed  in  the  speed  of  filtration  with  different 
carbon  blacks.  CBN  HR  1670-3386  is  particularly  slow. 

j^e|Ct__of  Re|TCtlon_I^o^ct8 

The  effect  of  reaction  products  was  evaluated  by  the  following  two 
general  methods: 

a.  detexmining  the  effect  of  the  major  reaction  products  on 
aidsorption  of  rn-DHB  by  carbon  black. 

b.  regenerating  the  carbon  blacks,  after  discharge,  by  further 
treatment  with  2N  Mg(C10j^)2  electrolyte  saturated  with  m-EHB. 

Adsorption  of  Reaction  Products:  The  first  method  provides  infozma- 
tion  concerning  the  preferred  species  adsorbed  on  carbon  black.  Studies 
were  conducted  on  the  adsorption  of  m-DHB  from  2N  Mg(C10^)2  by  carbon 
blacks  in  the  presence  of  recMtion  products.  Two  samples  of  Columbian 
carbon  blacks,  CBN  P-UOO-CL  20212  and  HR  1670-3386,  were  examined. 

In  one  study,  m-phenylenediamine  was  present;  in  the  other,  both 
rn-phenylenediamine  and  m-nltroanlUne  were  present. 
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Basalts  ihowad  tbat  the  capacity  obtained  fros  tba  tasting  of  thasa 
cazboa  blacks  in  the  sat  call  sas  iaflaanoad  by  a  radoead  adsorption 
of  n-m.  HlfdMr  call  capacity  aas  obtained  txm  tasting  of  HR  I670- 
3386  carbon  black.  Capacity  data  are  prasantad  In  Flgiuras  3^  and 
3-5. 

The  adsorption  of  n-OD  by  0.$  gs  of  Colanblan  carbon  black  In  the 
presence  of  reaction  products  Is  tabulated  balov.  lha  qioantltlas 
u-iHB  listed  in  tha  last  tvo  eolusns  vara  adsorbad  upon  aaqposan  af 
the  carbon  blacks  to  23O  nl  of  2V  lf8(C10|^)2  containing  tha  conpoands 
listed  in  eolusm  1. 


REFER  TO 
CURVE  OF 
FIGORES 
3-4  and 
3-5: 

HR  1670-P3386 

P-llOO-CL  20212 

A 

0.2^  8>  m-OHB 

0.235 

0.170 

B 

0,25  gn  n-niB  and  0.323  0> 
m-]^enylenediamlne 

0.197 

0.12t 

C 

0.23  gm  m-niB,  0.323  ga 

m-phenylenedlandne,  and 
0.04l  gm  m-nltroanlllne 

0.179 

0.112 

Carbon  Hlaek  Regeneration:  Ibe  second  method  is  directed  toward 
datezmlning  the  ability  of  the  carbon  black  to  desorb  tha  reaction 
products  formed  during  discharge,  lihe  effect  of  additional  adsorption 
of  m-niB  vas  studied  by  discharging  the  initially  adsorbad  u~TKB  and 
«qposing  the  carbon-saityle  to  a  second  R^OhdI  portion  of  electrolyte 
saturated  vlth  m-mB  by  siaple  percolation  throu|^  the  packed  test 
cell.  Test  results  showed  a  definite  decline  of  eapaiclty  on  the 
second  discharge  with  the  same  carbon  black  sample.  For  the  third 
exposure  the  sample  of  carbon  black  was  fully  redispersed  in  250  ml 
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of  electrolyte  saturated  with  and  fomed  Into  a  vet  cell.  Per- 

fomance  decreased  again.  The  data  are  presented  In  Figures  3>6  and 
3.7.  The  data  obtained  from  the  tvo  methods  show  that  the  active 
sites  on  the  carbon  blacks  are  blocked  by  reaction  products.  It  can 
not  be  detemlned  at  this  point  If  there  is  a  desorption  of  reaction 
products  followed  by  adsorption  of  moivs  m-IFlB,  or  If  new  active  sites 
become  available. 

The  present  data  suggest  partied  desorption  of  some  sites.  An  attengrt 
will  be  made  to  determine  the  number  of  times  active  sites  become 
available  for  reaction  by  adding  the  total  ampere-minutes  for  a  given 
carbon  black  sanqple.  This  should  provide  a  reasonable  approximation 
of  the  actual  cell. 

Eff TOt_of  Other  Cathode-Ittx  Cojptmmts 

CoBgmrison  of  the  adsorption  and  vet-cell  test  data  shows  that  CBN 
HR  1670-3386  carbon  black  adsorbs  more  m-EMB  and  has  greater  capacity 
than  CBN  P-UOO-CL  20212.  These  advantages,  however,  do  not  hold  for 
A-cell  tests,  where  the  CBN  P-UOO-CL  20212  Is  sui>erlor.  An  examina¬ 
tion  of  both  carbon  blacks  was  made  by  studying  the  effect  of  A-cell 
cathode-mix  comi>onent8  on  the  wet-cell  capacity.  The  traxisition  from 
the  wet  cell  to  the  composition  of  the  A-cell  mix  was  tested  In  this 
se^ence: 


MATERIALS 

COMPOSITION 

(grams) 

I 

II 

III 

IV 

carbon  black 

0.5 

0.5 

0.5 

0.5 

m-LNB 

1. 

1. 

1. 

1. 

BaCr0|j^ 

none 

.09 

.09 

none 

Mg(0H)2 

none 

none 

.03 

.03 
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conqpoiwntB  irere  mlll«d  gsotly  for  on*  hour,  truwforrod.  la  a 
level  leyer  into  the  vet-eell  asearib]^  prevlooely  described,  aetareted 
in  2i  lfg(ci0|^)g,  and  discharged  at  50  aa.  Ibe  discharge  tlsMS  ears 
found  to  be  as  follow: 


Examination  of  the  discharged  vet  cells  showed  extreme  of 
the  CSH  HR  1670-3386  cathode  with  BaCrO|^.  The  advantage  of  eongposi- 
tion  IV,  vhich  contained  no  BaCrOj^,  did  not  materialise  in  A-cells. 


Uscwsion_of  lwt_R0Std.ts 


A  cosqparison  of  wet-cell  capacities  from  adsorbed  a-m,  along  with 
information  on  A-cell  performance,  is  presented  in  ISsble  3-’2.  Varia¬ 
tions  noted  in  the  performance  of  different  caxb<m  blacks  make  gwexal 
conclusions  difficult.  The  CBH  10367  control  sample  and  several 
CSH  HR  1670  samples,  althou|d>  very  fluffy,  absorb  less  water  than 
needed  for  the  2:1  a-m/carbon  blaek  cathode  adx.  for  easmple, 
the  CSH  HR  1670  control  sssqple  show  27  hours  for  the  16-^3*01x1 
test,  which  represents  cosqplete  utilisation  of  the  water  content. 
SlmultazMous  hl(^  values  in  water  absorption  and  n-m  adsorption 
are  not  unfailing  criteria  for  superior  A-eell  capsei^,  as  shown  for 
CSH  HR  1670-3386  and  -3523  carbon  blacks.  It  is  reasonable,  tbou|^, 
to  expect  poor  A-cell  performance  from  a  conbinad  low  rating  in  both 
properties. 


Carbon  blacks  of  apparently  "ideal"  sorption  pvopertiss  often  give 
relatively  poorer  4-ohm  A-eell  test  results  than  would  be  eikpsctsd 
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WBI-CBU.  nsv 
Mg  of  n-niB  on  0.3  g 
'OABBOM  BLACK 


nnTlB«TAM 

P-1100-2142 

P-UOO-2142  BT  3232 

P-1100-da7-l 

-2 

-3 

-4 

P-llOO-CL  20212 

1QS67-Contiol 

-3387 

-3398 

-3399 

-3522 

-3553 

HR  1670-Cantxol 
-3379 
-3380 
-3381 
-3382 
-3383 
-3386 
.  -3523 


CABOT 


XC  72  F 


AT  50lilL 


$0^  Co^pr•M•d 


TABLE  3-2.  (XMPARISOV  0?  WBT-CELL  CAPACITY  FOR  MiBZinSOBnZEn 
ADBORBBD  BT  VARIOUS  CARBOHS  WUH  A-CBU.  OAIA. 


frcD  the  l6-2/3>ohm  results.  These  results  nsy  be  related  to  the 
apparent  discrepancies  noted  above.  Failure  at  the  hl^^er  current 
density  may  be  due  to  poor  diffusion  resulting  from  lanobillty  of 
the  electrolyte.  The  hard-setting  mix  cake,  obtadned  in  the  CEV  BR 
1670-3386  carbon  black  vlth  BaCrOj^,  is  not  conduelve  to  the  rapid 
exchange  between  reaction  products  and  m-IMB  that  is  necessary  to 
sustain  a  hi£^-current  discharge. 

Variations  in  data  obtained  from  the  A-eell  tests  with  carbon 

blacks  of  the  CBN  IOS67  and  BR  I670  types  esq^hasise  that  the  adsorp¬ 
tion  of  m-DNB  on  carbon  black  is  not  the  rate-controlling  property. 

The  data  reveal  that  m-DNB  can  be  discharged  efficiently  in  a  ti^itly 
peeked  A-cell  with  a  carbon  black  ^Ich  does  not  adsorb  a-DHB  from  its 
electrolyte  solution.  Another  factor  which  must  be  considered  in  the 
deviations  between  the  vet-cell  test  and  the  dry-cell  results  is  a 
structure  breedcdown  within  the  cathode.  During  the  discharge  of  a 
dry  cell,  two  physical  changes  oce\tr  to  alter  the  physical  structure 
of  the  cathode.  These  changes  are: 

a.  movement  of  the  free  water  fxMn  the  cathode  mix  through  the 
separator  to  the  anode. 

b.  transport  of  m-DNB  to  carbm  black.  This  action  is  probably 
preceded  by  a  dissolxition  process. 

In  a  typical  m-DNB  (2:1  ratio)  cathode,  water  comprises  approximately 
60J(  of  the  total  cathode  volume.  During  the  discharge  of  an  A-eell 
with  a  16-^3-<Abi  load  for  27  hours,  approximately  50^  of  the  water 
must  be  transferred  out  of  the  cathode  mix  through  the  separator  to 
the  asigneslum  anode.  Magnesium  consumes  water  In  the  fomation  of 
its  hydroxide  and  hydrogen,  and  the  carbon  black  cathode  structure 
must,  therefore,  withstand  a  30^  volume  change  during  discharge. 

The  solid  m-DNB  must  dissolve  before  it  can  reach  the  carbon' l»laek. 
This  process  will  also  remove  substance  from  the  original  cathode  mix 
structure  and,  thus,  inevitably  alter  it. 
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3«2.2*U  SlfferencM  Produced  by  Nix  Varlatlone 

Ihe  P-UOO-CL  20212  oezboa  black  differed  strikingly  fron  all  the 
other  Colohblan  carbon  blacks  In  Its  characteristic  "p^bllng” 
tendency.  The  nix  structure  made  vlth  this  eeuibon  black  tias  examined 
vlth  the  objective  of  matching  the  mix  structure  by  substituting  a 
blend  of  two  other  carbon  blacks. 

"PsbbllngT  Is  the  property  of  forming  discrete  pebbles  of  cathode  mix 
when  adll'blended  dry-eathode-mlx  ccmponents  are  tumbled  with  the 
optimum  volume  of  electrolyte.  This  i^encnenon  Is  tentatively  Inter¬ 
preted  to  be  a  state  of  aggregation  which  firmly  holds  the  electrolyte 
so  that  only  syneresls  supplies  a  mlnimom  liquid  phase.  In  true 
"pebbling",  this  liquid  lAiase  carries  no  carbon.  The  surfaces  of  the 
glass  Jar  remain  perfectly  clean  during  tumbling.  Other  carbon  blacks 
produced  smearing  on  the  glass  during  this  operation.  The  pebbling 
of  CSN  P-UOO-d  20212  has  been  observed  with  both  NcpSTg  and 
electrolytes. 

The  selection  of  two  other  Oolumblan  carbon  blacks  which  night  duplicate 
the  pebbling  effect  and  give  superior  A-cell  perfonmuace  was  based  upon 
color,  m-EHB  adsorption,  dry  bulk,  absorption  of  electrolyte,  and  A-oell 
data.  On  these  bases  of  selection,  CBN  HR  I67O  Control  EC  wm  blended 
in  two  different  ratios  with  CBN  10967-35^3  in  the  following  two  ca¬ 
thode-mix  formulations: 


LOT  NO.  432 

LOT  NO.  433 

Tw  Mmm  1 

Cdluuiblan  HR  I670  Control  n 
ColuBblan  10867-3553 

6.25x 

6.25^ 

U.05 

8.33. 

4.17^ 

10.95 

m-HIB 

25.0 

22.1 

25.0 

21.83 

BaCrO]^ 

2.3 

2.0 

2.3 

2.0 

Mg(0H)2 

0.8 

0.7 

0.8 

0.7 

2N  Mg(C10.  ). 

^  ^  TOTALS 

72.4 

113.0 

73.9 

J4^ 

100.0 
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Ujpon  addition  of  elaetrolyte  to  tha  dry  blanda  of  both  tbasa  fonBila- 
tlons,  a  dagraa  of  pabbling  vm  obsarvad,  but  it  did  not  prograaa  to 
tha  aaina  elaon  ayatan  charaetariatic  of  CBH  P-UOO-CL  20212.  Tha 
parant  cazbooa  of  tha  blanda  gava  3*0  houra  of  eontiauoua  drain  at 
U  ofaDi  to  0.9  volt  in  A-ealla,  aharaaa  both  blaads  iaprovad  this  dzain 
to  3.5  hours.  Uie  A-eall  parfozaanea  in  tha  l6-^3-Ohm  tasta  rowalnod 
in  tha  27>to-2B-hour  ranga  for  tha  blanda,  and  aas  not  significantly 
iaprovad  over  the  parent  carbons. 

a^troljrte  *i^_SolvTOt_fOTjB-l]HB 

The  lov  solubility  of  m-HIB  in  2H  Hs(C10|^)2>  'which  is  1  mg/ml.  Units 
hicdi-rate  A-cell  perfonianca  with  soom  carbon  blacks.  Inereaslng 
tha  solubility  of  m-EHB  may  lead  to  ingproved  capacity  if  the  increased 
m-HIB  concentration  does  not  react  vlth  tha  oagneslusi  anode. 


A  study  was  siade  of  tha  use  of  small  amounts  of  a  autual  solvent,  such 
as  acetone  or  acetonitrile,  for  m-HIB  in  2H  HgCciOj^)^  to  ineraasa  tha 
solubiUty  of  m-mB.  Coluniblan  P>1100  8hl7-3  was  chosen  for  this 
test  because,  in  A-calls,  it  gava  29*5  hours  to  a  0.9«^volt  end-point 
at  16-2/3  btams,  but  only  three  houra  in  the  b-olan  test.  A  modified 
cathode  mix  has  tha  following  coBQ>ositioa: 


P-UOO-8hl7-3 

m-EMB 

BaCrO]^ 

Me(0H)2 

Electrolyte: 

60  ml  2N  Mg(C10|^)2 
10  ml  C^CN 


LOT  434 
12.5  grans 

25. 

2.3 

0.8 


75»9 

116.9  grams 


The  dry  mix  was  blended  by  rolling  with  ZrO^  balls  for  ona  hour.  VbA 
the  dry  mix  was  blended  with  the  modified  electrolyte,  the  cathode  mix 
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showed  a  marked  degree  of  pebbling  not  observed  In  standard  211  NgCciO^)^ 
mixes.  The  solvent-modified  mix  could  be  extruded  and  handled  aozaally 
in  the  A-cell  preparation. 

Capacity  tests  were  run  at  ohms,  and  the  results  were  compared  with 
standard  mixes.  The  results  show  that  the  discharge  time  was  reduced 
fron  3  hours  to  2.3  hours  for  the  solvent  mix.  Evidence  of  the 
ample  reserve  of  m-ENB  in  the  cell  discharged  at  4  ohsis  was  obtained 
idien  the  same  cell  gave  70  hours  capacity  to  a  0.9  cutoff  voltage  at 
a  drain  of  30  ohms. 

A  similar  test  using  acetone  as  a  mutual  solvent  resulted  in  a  further 
reduction  from  3  hours  to  1.23  hours  at  4  ohms.  The  acetone-treated 
Columbian  HR  1670-3386  lost  much  of  its  ability  to  absorb  electrolyte. 

It  is  evident  that  the  increase  in  concentration  of  m-DHB  by  use  of 
a  mutual  solvent  does  not  make  possible  a  sufficient  supply  of  m-EHB 
at  the  carbon  reaction  site  at  high  discharge  rates.  Therefore,  the 
use  of  a  mutusd  solvent  does  not  offer  any  advantages. 

3. 2. 2. 3  Electrical  Conductivity  and  Residual  Voids  of  Compressed 
Carbon  Blacks 

Carbon  black  in  Intimate  contact  with  m-EMB  may  become  oriented  in 
different  ways,  and,  thereby,  exhibit  different  values  of  elsetrioal 
conductivity  and  of  residual  volumes  of  voids.  The  simple  apparatus 
shown  In  Figure  j-a  serves  both  measurements. 

Suitable  quantities  of  carbon  black,  or  dry  bloid,  sire  conqpressed 
to  a  meas'ored  volume  within  a  polystyrene  cylinder  confined  by  an 
insulated  stainless,  steel  mold.  The  voltage  across  the  cos^xessed 
carbon  black  is  measured  at  a  constant  current  (»i  the  high-sensitivity 
scale  of  a  TVpe  GU-A  Vdrlan  recorder.  The  electrical  resistance  is 
determined  by  Ohm's  Law.  From  the  appeurent  volume  of  the  compressed 
carbon  black,  or  mix  blend,  and  the  absolute  volumes  of  materlsds, 
the  volume  of  residual  voids  is  csuLculated. 
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Flgorc  3-8. 


Exploded  Viiw  and  A«a— bly  of  tho  BMlstlTitgr  TMt 
nxturo  for  Poadorod  Matorlal. 


The  volume  of  residual  voids  In  a  compressed  carbon  black  Is  of 
primary  Importance  because  the  electrochemlced  reduction  of  m-ENB 
consumes  much  water«  Tlie  measurement  of  electrolyte  absorption  In 
a  cathode  mix  is  subject  to  several  errors.  Therefore,  a  reliable 
measurement  is  needed  to  determine  the  amount  of  free  space  available 
for  the  electrolyte  in  a  carbon  black.  The  preliminary  survey  of 
volume  chan'^s  vas  meule  with  seven  experimental  Coluinblan  carbon 
blacks  and  the:..r  blends  \rtilch  contain  the  usual  cathode-mix  components. 

The  theory,  ejqperlmental  procedure,  and  calculations  of  a  standardized 
method  for  electrlced  conductivity  and  residual  voids  are  described 
in  our  Fouirth  Quarterly  Report. 

^8eus8lon_of  Results 

At  the  end  of  each  of  Tables  3-3  throu^  3-7,  a  variety  of  qualitative 
observations  are  noted  on  the  seven  carbon  blacks.  A  remarkable 
distinction  of  P-llOO-CL  20212  from  the  other  six  carbon  blacks  is 
found.  This  unique  material  exhibits  self-cohesion  forces  In  excess 
of  adhesive  tendencies  for  other  surfauses,  such  as  glass,  steel,  poly¬ 
styrene,  Mg(0H)2,  and  ZrO^.  i  Although  it  packs  together  more  uniformly 
xmder  pressure  than  all  other  carbon  blacks,  it  still  remains  friable, 
withoit  the  "graphitic-smear  effect"  of  other  ultraflne  blacks.  Another 
sharp  distinction  of  P-llOO-CL  20212  is  its  persistent  resiliency 
under  compression,  and  exfoliation  on  release  of  the  pressure. 

Figure  3-9  compares  the  electricauL  conductivity  with  the  void  volumes 
In  seven  carbon  blacks  vhlch  vere  tested  in  five  different  dry  states. 
The  tvo  most  significant  states  of  the  carbons  are  represented  in  the 
figure  by:  (1)  the  small  solid  circles  for  the  carbon  black  sus 
received.  (2)  the  large  solid  circles  for  cathode  mix  milled  for  40 
minutes.  The  curves  indicated  by  the  solid  lines  show  the  changes 
of  the  carbon  black  from  its  "as  received"  state  to  Its  1:2  m-IMB- 
cathode-mlx  blend.  As  each  carbon  black  is  diluted  with  two  weights 
of  the  non-conducting  m-I^,  the  electriesJL  conductivity  decresuMS 
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TABIX  3-3.  niCIBICAL  OONSDCTAHCE  AND  TOIOIB  OP  RBUXUL  VOIDS  IN 

ONE-GIUM  SMFIX:  NO  ULUNG. 


SYM-I  P-UOO  HR1670  6*1215  6R216  6*1219  6*1221  6R223 

BOLSi  UNITS  CL20212  P9393  P9394  P9396  P9397  P9398 


TABIZ  3-4.  EIZCTRICAL  CGNEOCTAIO  AND  VOLDME  OF  RBSIDOAL  VOIDS  IN  OOLOffilAN  CARBON 

ONE.CRAM  SAilPIZ:  MIILED  30  IHN.  IN  GLASS  JAR  VITR  7St(^  BASIS. 


TiBBS  KUCTRIGAL  OQMODCZAliCB  iRD  VQLOMB  OP  RBSmUL  VOIIB  IN  CAIBOK  UX  I  fITH 

GNTHOIS  mZ  I,  MCLCSD  30  UN  fITH  3  7-Oe  BAU3. 


TABI2  3-6.  SLBCTRICAL  CtMDDCTANCE  AND  VOUAfE  (V*  BSSIOOAL  VOIDS  IN  CATHODB  MIX  II  WITH  OtlDIIBIAM  CA] 
cxmxm  MIX  IT  -  CATHOEB  mix  I  +  l  G  CARBOI  (V  TABIZ  4-2  MILLED  ADOXTICMIAL  UO  MINOIIS 
lEIGIir  «  4.2.4  G;  ABSOLUTE  VOUIME  «  2.2$  CC. 
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as  sxpeeted.  The  conductivity  increases  again  upon  the  addition  of 
more  carbon  black.  The  changes  in  electrical  conductivity  of  dif¬ 
ferent  carbon  blacks  are  more  irregular  vbua  they  are  Billed  for 
30  minutes  with  ZrO^  balls.  A  eosqparisan  of  these  caxton  blacks 
(represented  by  the  circles)  vi^  their  milled  mix  blends  (large 
solid  circles)  shows  that  the  loss  of  voids  is  prlmaxlly  due  to  the 
m-niB,  a  rather  wax-like  material  under  eongnressian. 

The  relative  positions  of  the  triangles  (representing  dUution  of 
a  standard  1:2  milled  mix  with  an  excess  of  pre-mlUed  carbon  black) 
illustrate  the  divergent  btiiavior  of  the  seven  carbon  blacks.  Only 
P-UOO-Cl  20212  retains  its  favored  position;  HR-I67O  is  sli^tly 
superior  to  the  five  6h  san^les,  where  the  residual  void  voIusms 
have  decreased  below  the  standai-d-milled  mix  (large  solid  circles), 
and,  these  five  carbon  blacks  were  condensed  into  better  conducting 
systems  at  the  expense  of  their  residual  void  voIubm.  The  results 
of  the  mix-blend  tumbled  for  30  minutes  (squares)  corroborate  the 
e^qperience  that  normal  mechanical  handling  of  a  carbon  black  is  not 
a  critical  determinant  for  cell  performance.  Ibe  very  low  electrical 
conductivity  of  6r  21£  was  reflected  by  the  fedlure  of  this  emAoa 
black  in  A-cell  tests  at  4  ohms. 

Coirrelation  of  Cell  Performance  with  Electrical  Conductivity 
and  Residual  Voids 

Prom  the  seven  test  samples  shown  in  Figure  3-9  it  appeared  that  a  com¬ 
parison  of  the  electrical  conductivity  and  residual  voids  volusw  at  only 
two  of  the  five  states  defined  the  probable  behavior  of  a  carbon  black  in 
A-cells.  Therefore,  in  a  broader  surv^  of  carbon  blacks,  the  measursments 
were  limited  to  the  original  carbon  black  as  received,  and  its  1:2  m-lXIB 
mix-blend  tumbled  for  30  minutes.  The  study  of  the  mlllsd  mix-blends  was 
abandoned  to  siitipllfy  the  procedure,  and  because  severe  milling  was  not 
necessary  for  the  preparation  of  cathode  mixes. 

Data  of  this  type  are  shown  in  TSbla  3-7  for  24  caxb<xi  blacks.  The  table 
is  arranged  to  show  a  direct  ccBQparison  of  the  apparent  density  and  the 
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absorption  of  electrolyte  in  experimental  cathode  mix  formulations,  along 
vlth  data  on  the  performance  of  magnesium  A-cells  containing  the  different 
carbon  blacks. 

Figure  3-10  shoira  the  qualitative  rating  of  the  24  carbon  blacks  with  the 
data  presented  in  columns  3  to  8  of  Table  3-7,  The  distribution  of  the 
test  sasples  indicates  that  both  a  f€d.r  electrical  ccmductivity  and  the 
largest  possible  volume  of  residual  voids  are  needed  for  optimum  cell 
performance.  However,  a  definite  prediction  of  cell  performance  is  not 
assured  from  the  data  on  the  carbon  blacks  in  the  intermediate  quality 
range.  It  is  plausible  that  the  unique  ^'hour  A-cell  service  at  k  ohms 
in  P>1100-CL  20212  depends  upon  electrieed  conductivity,  while  the  35'hour 
service  at  l6>2/3  ohms  requires  a  large  volme  of  residual  voids.  The 
simultaneous  -occurrence  of  these  two  optimum  characteristics  in  the  same 
caxtxm  black  is  rarely  found. 

Cauhon  blacks  with  a  very  low  volume  of  resldued  voids  contribute  little 
to  this  study  because  m-LHB  cannot  be  efficiently  reduced  if  the  ca'tiiode 
mix  carries  insufficient  water.  Their  enormous  loss  of  electrlccd  conduc¬ 
tivity,  in  pMSing  from  the  carbon  black  to  a  dry-mix  blend,  is  Interpreted 
as  an  envelopaent  of  the  large  particles  by  the  poorly  conducting  m-lllB. 

There  is  a  direct  correlation  between  the  initial  tapped  density  of  a  carb(»i 
black  and  its  loss  of  electrical  conductivity  in  the  cathode  mix  enviroanent. 

Vigfixe  3-11,  is  a  log-log  relationship  of  the  variati(xi  in  A-«ell  services, 
with  the  initisd  tapped  density  plotted  as  a  function  of  the  volume  of 
voids  maintained  per  unit  of  electrical  conductivity.  At  any  particular 
ratio  of  voids  to  specific  electrical  conductivity  the  carbon  blacks 
improve  in  A-cell  capeu:ity  from  the  more  dense  to  the  flxiffier  varieties. 

Vben  a  set  of  mutual  reciprocals  of  electrical  cmiductivlty  and  residual 
voids  is  plotted  on  a  log-log  chart,  cdl  points  lie  on  a  strai^t  line. 

The  data  of  Figure  3-II  are  re-^plotted  in  this  manner  in  Figure  3**12.  Here, 
the  relative  importance  of  the  two  major  variables  is  coordinated  with: 

a.  the  initial  taiped  densi'^  of  the  carbon  blacks. 

b.  the  A-cell  performance. 
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inie  distribution  of  A>eell  data  conflxus  the  dominant  role  of  residual 
voids.  Hon-struetoral  variables,  such  as  trace  impurities  in  caxbon 
blacks,  asy  also  affect  A-cell  peirfonoance. 

Other  Data  on  Oaibon  Blacks 


The  variable  residue  of  void  space  In  different  carbon  blacks  after 
compression  and  mechanical  abuse  Is  Indicated  by  the  degree  of 
resiliency.  This  property  Is  readily  discerned  In  seme  carbon  blacks 
but  virtually  absent  In  others.  The  uxilq;ae  and  persistent  resiliency 
of  P-UOO-CL  20212,  in  contrast  with  HR  I670,  Is  attributed  to  Its 
fundamental  Interatomic  arrangement,  or  lattice.  This  belief,  sug¬ 
gested  by  work  on  "pyrolltlc  graii^ltas"  at  the  Raytheon  Comgpany  and 
elsewhere,  shows  that  the  thermal  history  of  carbon  determines  the 
anlsotrople  properties  associated  with  a  lattice  order  In  the  third 
dimension  (c-axls). 

X-Rb2  Di^fts^ion  Mbteru 

!nie  lattice  spaclngs  In  P-UOO-CL  20212  and  EGR  I670  carbon  blacks  cure 
comparod  In  curves  A  and  B  of  Figure  3-13.  This  figure  Is  a  reduesd 
plot  of  the  relative  Intensity  versus  the  ang3.e  of  Incidence  taken 
from  the  original  scanning  traces  on  X-ray  diffraction  patterns. 

Carbon  black  P-llOO-d  20212  has  diffuse  halos  at  3«7A  and  2.1A  (as 

shown  on  curve  A  of  Figure  3-13  ) .  The  cn^y  diffuse  halo  In  HR  1670 

•  • 

Is  observed  at  3«9A  (curve  C  of  Figure  3-13)  ^idileh  shifts  to  3.65A 
for  a  carbon  black  baked  In  an  Induction  furnace  for  five  minutes 
at  2500*C  In  argon.  During  this  heat  treatmmt,  HR  I670  also  developed 
a  distinct  halo  at  a  lattice  spewsing  of  2.09A.  Ftom  these  effects  It 
was  concluded  that  P-UOO-CL  20212  differs  indeed  from  HR  I670  In  a 
property  dspendent  upon  the  thermal  history. 

The  scanning  trace  for  Uhlted  63  SFF  (curve  D)  has  been  added  In 
Figure  3-  13  because  of  Its  approodmatlon  to  that  of  the  heat-treated 
HR  1670.  The  Dhlted  carbon  black  Is  very  dense  and  gritty  and 
wholly  unsulted  for  a  cathode  mix  with  m-ERB.  This  degree  of  condensa¬ 
tion  Is  also  evident  In  the  heat-treated  HR  I670. 
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Figure  3- 14  presents  the  scanning  traces  from  X-ray  diffraction  pat¬ 
terns  of  two  other  carbon  blacks  of  the  P-UOO  series:  -8417-3  in 
curve  F,  and  -2142  in  curve  G. 

A  close  relatl«ishlp  with  P-UOO-CL  20212  Is  clearly  evident  in  curves 

•  • 

F  and  G  through  the  conqpeunble  lattice  spaclngs  at  3*65 A  and  3-7A- 
Mb  ejqplanation  Is  available  for  the  other  lines  In  curve  F  ( P-UOO- 

O  • 

8417-3)  at  7»25A  and  2.97A.  In  curve  B  derived  fron  the  X-ray 
dlagm  of  Shavlnlgan  Ceubon  Black  (uncosqpreased),  the  2.09A  halo 
is  present,  but  the  larger  spacing  has  shifted  to  a  halo  at  3*52A. 

Spectr2|^£Mc_:^ld«Qce 

In  view  of  the  catalytic  potoicy  of  structurally  oriented  trace 
Inpurltles  foux>d  in  many  solids,  e.g.,  boron-doped  graphites,  two 
possibilities  exist:  (a)  Ihe  thermal  genesis  of  the  petroleun-base 
furnace  black  (similar  to  P-llOO-CL  20212)  could  be  influoiced  by 
Impurities  and  the  material  could  have  its  structure  directed  by 
certain  chesilcal  impurities;  (b)  The  chonlcal  impurities  could  be 
catalyzing  the  efficient  reduction  of  ra-dlnitrbbenzene. 

With  this  thought,  a  speetrographic  trace  analysis  was  iMrfozBed  on 
selected  sanqples  of  carbon  blacks,  which  resulted  in  the  data  of 
Table  3-8. 

3. 2.2.6  Modification  of  Shawinigem  Carbon  Black 

Spectroscopic  data  of  the  preceding  section  oa  Colunbian  carbon 

suggest  the  improvement  of  a  pure  carbon  black  by  the  addition 
of  certain  elements. 

It  was  that  the  additive  would  not  only  have  to  be  most 

thorouc^ly  dlspeirsed  in  a  fluffy  black,  but  that  it  would  have  to  be 
thermally  reacted  with  the  carbon. 

Reference  values  for  the  cell  performance  of  Shawlnigan  carbon  black 
are  represented  by  Lot  4??  in  Table  3-9.  The  heat  treatiwnt  itself. 
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TABLE  3-8.  SPBCIBOSOOPIC  VMKFIIAZIVB  nFlMAXE  OP  StPaRHIBS  IV  CABBOV  BLACKS. 

(Burts  Par  MUIIod} 
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(15  hour*  at  590*C  In  an  atiBosi>here  of  0.1  hydrogen  and  0.9  nitrogen) 
produces  no  significant  ijiq;>rovsBent  in  cell  perfoznance  over  the 
connereial  Shawinigan  (’jOft  eoeq^esed)  caxhon  black.  Lots  476,  479, 
and  48l  sbov  distinct  ioqprovement  in  l6-V3-ohns  tests,  but  none  in 
the  4-ofans  tests.  In  coeq^arison  with  lots  478  (Hi)  and  460  (Al)  the 
Btoet  effective  additive  ie  V^O^.  Subseq^mt  test  lots  (485,  490,  and 
497)  support  this  conclusion.  Additions  of  boric  acid  or  of  lithium 
caibonate  depress  the  cell  perfomanee,  as  shown  in  lots  483,  484, 
and  486. 

In  stiveral  eaperlMots,  the  eonmercial  Shawinigan  carbon  black  was 
partially  "opened"  by  screening  throuj^  40  or  So^nesh  sievee  prior 
to  dispersion  of  the  additive.  This  variation  jnrodueed  minor  ioprove- 
amnt  of  cell  perfomanee  in  lots  491-493>  idiieh  at  the  sene  tloie 
indicated  little  laprovesient  from  the  additions  of  Hi,  and  Fe. 

Lots  487,  488,  489,  494,  and  495  extend  the  survey  to  the  oxides  of 
Oo,  Hi,  dldysiiun,  Ce,  Cr,  and  Oo,  with  rather  indifferent  results. 

Lots  496  to  501  were  prepared  by  the  following  method: 

The  ermmarr  tul  Shawinigan  carbon  black  was  blended  at  20  xpm  for 
two  minutes  in  a  4-gallon  Patterson-Kelly  Twin-Shell  Dry  Blender  with 
the  stated  percentage  of  additive,  then  the  3450  xpn  intensifier  was 
run  for  five  minutes.  The  dust  was  permitted  to  settle  for  five 
minutes,  and  the  necessary  non-cazbon  cathode  conponaits  (44.8  g  to 
20  g  carbon  black)  was  added,  and  agitated  two  minutes  with  the  P-K 
intensifier.  The  non-carbon  components  had  prevlonsly  been  milled 
with  Zirconia  balls  to  an  extremely  fine  powder.  The  blend  was  tumbled 
another  two  minutes,  settled  five  minutes,  and  dischargad  for  addition 
of  the  electrolyte.  The  "bleak"  of  this  sat.  Lot  501,  illustrates 
the  effect  of  the  F-K  intonslfler  action  upon  Sbawinigvr  carbon  black. 
Its  original  tapped  density  of  O.O63  w  reduced  to  0.026,  while  the 
cell  perfwrmaaee  at  both  drains  was  greater  than  the  orlgiaal 
ShawlaigMi  carbon  black. 
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The  cell  data  of  Lots  h96-501  show  that  the  P.K.  processing  augnents 
both  the  4  and  l6-2/3-ohm  i>erfomance,  even  without  heat  treatment. 

Lot  497  used  a  Shavinigan  carbon  black  modified  with  4^ 
contrast  to  spectroscopic  evidence  of  about  0.05^  vanadium  in  Columbian 
P-llOO-CL-20212.  ^ince  this  small  qiiantity  of  vanadium  is  probably 
bound  in  the  eaurbon  substance  as  cm  ash  residue,  it  is  impossible 
to  predict  the  optimum  qucuitlty  or  mode  of  addition  of  V»0_  to 
Shavinigan  carbon  black.  Hie  vanaidlisn  content  in  CL-20212  is  ac- 
caspanied  by  similar  g]uantitles  of  A1  and  Pe,  and  their  contributions 
to  cell  perfoznance,  if  any,  also  denand  further  study. 

Canvass  of  Domestic  Producers  of  Caxbon  Black 


Samples  of  carbon  black  were  requested  by  letter  from  the  producers 
listed  below.  Our  letter  stated  a  tentative  specification,  as  follows: 

a.  a  tapped  density  below  O.03 

b.  B.S.T.  (nitrogen)  surface  area  of  not  less  than  300  squiu« 
meters  per  gram. 

c.  evidence  of  resiliency  upon  rqpeated  conpresclon. 

d.  self -cohesion  in  excess  of  adhesion  to  glass,  steel,  emd 
zlrconia. 

e.  a  dxy  blend  of  caxbon  black  with  two  welcihts  of  m-dlnitro- 
bencene  at  a  conpresslon  ratio  of  10  should  retain  voids 

of  at  leaist  2  cc  per  gram  of  carbon  black,  and  an  electrical 
conductivity  of  2  mho-cm. 


Bo  fluffy  blacks  are  available  from  these  producers : 


Bamebay  Cheney  Oo. 
Atlas  Powder  Oo. 
Godfrey  L.  Cabot,  Inc. 
Great  Lakes  Caxbon  Co. 
L.M.  Buber  Corp. 

8peer  Caxbon  Co. 
SGtaited  Caxb<M  Co. 


*Contlnentsl  Caxbon  Co.  (Uitoo  Cham. 
Monsanto  Chem.  Co. 

BStional  Caxbon  Co. 

Ohio  Caxbon  Oo. 

*Pitt8bur^  Coke  A  Chen.  Co. 

Staekpole  Caxbon  Oo. 

«R.T.  VanderbUt  Oo.  (Thexnatonlc) 


^Offered  eleven  samples  of  dense  caxbon  blacks. 


Oo.) 
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The  A-cell  data  with  1:2  m-DNB  cathode  mix  of  these  matei*iala  arc 
suomarized  in  Table  3-10. 

The  dense  carbon  blacks  unifomly  gave  low  A-cell  capacities.  All 
of  these  caxhon  blacks  exhibited  good  electrical  conductivity,  but 
showed  insufficient  residual  void  space  for  the  absorption  of 
electrolyte. 

3«2.3  Developaent  8tudies 

3«2.3*1  Evaluation  of  Coltanbian  Caurbon  Blacks  Used  in  Flat  Cells 

Studies  of  flat-cell  construction  were  started  becat»e  the  flat-cell 
geometry  offers  greater  e:gperimental  flexibility  in  the  study  of  cell 
peumaeters.  Prior  e^Qwriments  with  flat  cells  under  Contract  No. 
DA-36-O39-SC-78048  were  restricted  to  the  xtse  of  MgSr^  with  the  less 
efficient  carbon  blacks.  Since  the  cooqpletlon  of  that  work,  iiprove- 
■ents  in  m-OHB  cells  and  the  availability  of  better  carbon  blacks 
indicated  that  better  cell  performance  would  be  achieved  with  the 
perchlorate  electrolyte. 

The  inltlsd  cells  constructed  under  the  present  study  used  a  copper 
foil  covered  with  Condulon  conductive  plastic  as  the  cathode  grid. 
Inspection  of  these  cells  after  discharge  showed  that  the  Condulon 
plastic  absorbs  m-HIB  from  the  perchlorate  electrolyte  with  a 
resultant  increeise  in  electrical  resistance.  Because  the  Condulon 
plastic  breaks  down,  a  study  was  made  of  various  grid  materials  for 
use  in  the  m-HIB  cell  with  a  perchlorate  eleetirolyte.  Lead  and 
titanium  sheet  in  direct  contact  with  the  p.'  O  rate  mix  corroded 
badly,  stnd  resulted  in  poor  cell  performance.  Amalyanated  copper 
and  plain  copper  foil,  however,  showed  no  adverse  effects,  and  gave 
excellent  cell  performance.  Subsequent  flat-cell  tests  were  performed 
with  0.002- inch-thick  copper- foil  and  with  expanded  copper  screen  (Bxmet 
^  Cu^-V^)*  previous  flat-cell  studies,  the  copper-foil  grid 
reacted  with  the  MgBrg  electrolyte  and  could  not  be  used  in  direct 
contact  with  the  mix. 
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In  initial  expasrinents,  a  shallov,  adjustable  box  of  elsar  plastic 
vas  fabricated  in  a  flat-call  design*  The  structure  pamltted  the 
call  geometry  to  be  varied  and  the  applied  pressure  to  be  controlled 
during  discharge*  It  wm  found  that  the  external  pressure  nacassazy 
for  naximum  discharge  voltage  reached  3  psl*  At  this  pressure  the 
organic  eathrde  mix  yielded  and  showed  plastic  flow  and  exudation  of 
electrolyte.  This  irreversible  alteration  of  cathode-mix  structure 
caused  local  dry  areas  in  the  cathode,  and  resulted  in  uneven  utiliza¬ 
tion  of  the  anode  surface,  ilbe  lowered  and  often  erratic  uiseharge 

/ 

voltage  with  such  a  flat-cell  design  was  reflected  in  cell  capacities 
lower  than  those  achieved  with  eeurlier  designs* 

Consequently,  the  study  was  continued  vith  a  flat  cell  flnly  packed 
within  a  heat-sealed  plastic  (Kreae,  0.0035-inch  thick)  envelope 
similar  to  that  described  on  Ihige  IV-86  in  the  Rhvesiber  1,  i960. 

Final  Report  of  Contract  l)i-36-039-SC-7804d*  Cells  with  Magnesium 
AZ-31  anodes,  0.050-ineh  or  0.071-incb  thick  and  with  an  active  surface 

p 

area  of  IB.6  cm  (3*8  x  4*9  cm)  and  seven  grams  of  cathode  aiix  ware 
used  to  make  a  direct  comparison  with  A-cell  data.  The  cells  ware 
firmly  clamped  between  0.5-inch- thick  plastic  plates  and  discharged 

p 

at  100  ma  (5*4  ma/cm  ),  which  corresponded  to  a  lO-cdn  test  with 
A-cell. 

Cathode  adx  formulations  used  were  as  follows: 


CQUMBIAR  CARBCN  B| 

_ _ 

1  ^  w\  mm 

!^5SI!SHIIi 

Carbon  Black 
b-OD 

Ba(MV 

ITotal  Nix  Wei^t 

6.0 

12.0 

1.1 

0.4 

42.6 

62.1 

9.65 

19.3 

1.8 

0.6 

68.6 

6.0 

12*0 

1.1 

0.4 

43.6 

63.1 

9.5 

19.0 

1.7 

0.6 

69.2 

6.0 

12.0 

1.1 

0.4 

36.3 

55.8 

10.75 

21.5 

2.0 

0.7 

65.0 

j(  Mater  in  Mix 

58*5 

49.0 

45.8 

tTHBOBmCAL  ANFERB- 

bOlDIBS/Tg  MIX  135  153  ^73 
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The  disebargs  voltage  of  the  freshly  prepared  flat  cells  vas  recorded 
on  a  Varian  GllA  recorder*  The  data  are  sbovn  in  figures  3-13,  3-16, 
and  3-17*  Figure  3~13  shears  tluit  aaalgaaation  of  the  eoiipsr-eathode 
conductor  Is  unnecessary.  The  compeoatively  siQrerlor  cell  perfonaance 
vlth  HR  1670  cait)on  black  at  the  lOO-ma  discharge  rate  is  encouraging* 

Figure  3-16  shoes  that  the  expanded  copper  screen  Is  equivalent  to 
copper  foil  as  a  cathode  grid  content*  The  copper  screen  provides 
a  strong  cell  structure  and  is  preferred  in  flat  cells* 

The  following  performance  chazacterlstics  have  been  derived  from  the 
discharge  data  for  the  three  Colunbian  carbon  blacks  in  flat  cells: 


CONTINUOUS  DISCHARGK  OX)  0*9  VCE/PS  AT  5#^  ma/m  I 

P-llOO-CL  20212 

P-1100-8kl7  CXWTROI 

HR  1670  (XXITROL  II 

AMPERE- 

2321 

AMPERE-I 

HtijIHi 

Km 

Hg-Cu 

Conductor 

86 

56 

83 

48 

(Figure  3-12) 

Cu-Foil  Cathode 
Conductor 
(Figure  3-12) 

70 

1^5 

93 

53 

Cu-Screen 

Cathode  Conductor 

90 

52 

(Figure  3-13) 

CONTINUDUS  DISCHARGE  OF  1 

toip  CATHODE  CELL  WITH  12 

(SAMS  CATHODE  MIX  AHD  36 

cm^  Mg  AZ-21  SURFACE  AT 

2#8  ma/cm^ 

To: 

1.1  Volt 

96 

32 

0.9  Volt 

164 

55 
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(ML-«3) 

FICRJRE  3. 16  CHARACTERISTICS  OF  A  FIAT  CELL  DISCHAROED  CORTIHUOUSLY  AT  0.1 
'  AMPBtE  MA/O^). 
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ncniB  3-17,  CSMMCtBOBnCS  <F  Ng  AZ-ZL  mBH-CATBNX;  FIAT  CELL  DISCEARGH)  CORTISOUSLI  AT  0.1  AMPERE  (2.S  ^VV'CH^) 


Figure  3-17  shows  the  discharge  behavior  of  the  larger  flat  cell  of 
the  itmer  cathode  design  at  a  lOO-ma  drain  and  a  current  density  of 
2.8  ma/cm  .  The  cell  was  constructed  with  two  0.020-inch>thick  AZ-21 
■agnesiua  anode  plates  and  12  grams  of  cathode  ailx  (containing  carbon 
black  HR  1670  Control  II)  on  am  expanded  copper  screen  grid,  tnie  cell 
weic^t  was  I8.3  grans  and  delivered  44  watt'hours  per  pound  to  a  1.1 
volt  cut-off  point,  and  72  watt-hours  per  pound  to  a  0.9  volt  cut-off 
point.  It  should  be  noted  that  this  capacity  is  equivalent  to  the 
best  capacity  obtained  in  previous  tests  with  P-UOO-CL  20212  carbon 
black.  Further  iBqproveaient  can  be  obtained  throuedi  optimization  of 
voluBie  8U)d  velj^t  in  flat  cells  of  this  construction. 

3.2.4  ahelf  Studies 

Magnesium  AZ-10  A-cells  made  with  two  different  Columbian  carbon  blacks 
were  stored  at  113*F  and  9^  R*H.  for  various  periods  before  discharge 
at  16-2/3  ohms.  The  cathode  mixes  had  been  prepared  in  a  2:1  ratio  of 
m-lKB  to  carbon  black  with  2N  MgCclOi^)^  electrolyte.  The  following 
results  were  obtained: 


LOT  HIMBBR 

LOT  377 

LOT  378 

TIPS  OF  CdLOlBIAN  CARBOH 
BUCK 

P-1100-P2142  HT  3232 

HR  1670-P. 

•3317 

Hours  to 
0.9  Volt 

Percent 

Retention 

Hours  to 
0.9  Volt 

Percent 

Retention 

Average  of  Three  Cells, 
Aged  2  Days 

30.5 

26.3 

Average  of  ®iree  Cells, 
Aged  3  Nemths 

29.0 

95 

26.3 

100 

Average  of  Three  Cells, 
Aged  6  Months 

! 

29*0 

95 

23«0 

87 
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4.  COKCUJSIONS 


4«1  G£3ISRAXi 

The  role  of  the  cax1)on  black  in  the  nltro-orgauiie  cathode  was  shown  to  fall 
Into  three  general  categories.  Ihe  carbon  black  serves  to: 

a.  provide  an  open  structure  for  the  diffusion  of  reactants  and 
reaction  products, 

b.  provide  a  s\irface  area  for  the  catalyst  used  to  enhance  the 
nitro  reduction  reeustion,  and 

c*  provide  a  reseirvoir  for  the  water  volume  requirements  of  the  cell 
reeutlons. 

These  conclusions  cure  based  on  an  integrated  evaliaatlon  of  the  following 
peunoseters: 

a.  the  relation  between  m-EHB  adsoiptlon  frcm  solution  and  carbon 
blacks. 

b.  the  relation  between  the  electrical  conductivity  and  residual  voids. 

c.  spectrographic  studies  of  experimental  carbons  which  give  enhanced 
perfoxnance  of  Mg/m>IDB  cells. 

d.  successful  modlflcatioi  of  Shawlnlgan  acetyl«ie  carlxm  black  by 
structure  sKidlflcation  and  addition  of  certain  catedysts  (e.g, 

\0^). 

e.  known  water  reqiilrements  of  anode  and  cathode  reausticms. 
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Th«  general  p]:'(qQertie«  of  the  eaxhon  required  for  utilization  In  nltro  orguilc 
cathode  were  established. 

No  conmercleil  ceucbon  black  has  been  found  which  Is  Ideally  suited  to  the  full 
esqploltatlon  of  m-HIB  In  magnesium  cells. 

Ibe  evaluation  of  caxbon  blacks  for  this  purpose  rests  on  objective  tests  which 
define  a  disperse  and  persistent  structuire.  nils  propeity  is  sensitive  to  the 
method  of  blending  the  dry  cathode  mixture. 

nie  addition  of  to  Shawlnigan  carbon  black  significantly  ia^roves  the 
cell  performance. 

lii  is  concluded  that  in  the  nltro  reduction  diffusion  of  tiie  m-IXIB  to  the 
carbon  surface  and  electron  transfer  are  isqportant.  Ihe  former  conclusion 
Is  based  on  behavior  of  carbons  with  lenrge  void  volumes  and  0P«n  structures; 
the  latter  conclusion  is  based  on  the  Improvement  of  cathode  efficiencies 
through  the  use  of  catalysts. 

k.2  RECOMBIDATIONS  FOR  FUTURE  WORK 

1 

Tbe  present  contract  has  demonstrated  the  beisic  requirements  of  the  carbon 
black  required  for  the  developnent  of  a  practical  dry  cell  with  a  nltro 
organic  cathode. 

The  future  development  of  Mg/m>lIIB  should  logically  proceed  as  follows: 

a.  Develop  a  suitable  soune  of  a  carbon  black  as  defined. 

b.  Select  several  promising  nltro  organic  coepounds  for  service- test 
program. 

c.  Open  demonstration  of  a  suitable  carboa  black,  perform  a  service- 
test  program  to  characterize  the  Mg/m-EHB  system. 

d.  Biplolt  the  system  in  flat  cells. 


5.  PlIHLICAriOHS.  REPORTS,  COBFTOEaCgS 


5.1  PaBLZCAXIOIIS 

Th«  following  publication  wu  developod  during  the  course  of  this  eontrset: 

"Nsgnesiui  Pirlasry  Cells",  by  G.S.  Losler,  R.J.  Ryan.  Proceedings  of  the 
l6th  Annual  Power  Confereee,  19^^  Publication  Hunber  aF>2296. 

5.2  RIPORTS 

Five  quarterly  progress  roports  were  prepared  and  distributed,  dated  as  follows: 

Saptssber  lb,  196L 
Deessber  lb,  196I 
Nsroh  15,  1962 
Jbne  15,  19^ 

Ssfptsbber  15>  19^2 

5.3  OOBFBMICBB 

l!he  following  conferences  were  held  between  rs(presentatives  of  the  U.8.  Amy 
ffignal  Research  and  DevelopBent  laboratory  and  the  Rsdlo  Corporation  of  Anorioa 
to  discuss  the  piogren  and  progress  of  this  eontrset: 


Date 

Location  ' 

Bswesenting  RCA 

7-10-61 

Ft.  NOBBOOth 

S.  Bartosh,  F.  Jbhp 

D.  Linden,  J.  Pawlak 

0.8.  Losier,  R.J.  Ryan 

9-26-61 

RCA,  aoBsrvllle 

S.  Bartoih,  J.  Pawlak 

0.8.  Losier,  R.J.  Ryaaj 
J.B.  Uson 

Date  Location 
12v9«61  It.  Monmouth 
l-2^-62  RCA,  Somerville 

4>1«62  RCA,  Somerville 

6-25-62  Ft.  Monmouth 

from  Oolimiblan  Carton  Co. : 
9-13'^  Ft.  Monmouth 


Repreeenting  USA3RDL 


S.  Bartosh,  Ji  Hovendon, 
J.  Fawlak 

J.  Pavlak 


J.  Pavlak 


A.F.  Daniel,  J.M.  HOvendon, 
J.H.  Mrgudich,  J.J.  Murphy, 
W.F.  Rye,  J.  Pavlak 
rK.A.  Bur^ss,  J.M.  Roes, 

(  C.A.  Stokes,  C.W.  Sweitzer 

S.  Bartosh,  J.J.  Murj^ 

J.  Pavlak 


i: 

Representing  RCA  1 

R.J.  Ryan,  J.J.  Meehan,  T 

J.  B.  Risen  I-  1 

O.S.  Lozier,  R.J.  Ryan,  | 

J.B.  Bisen  T  ] 

G.S.  Lozier,  R.J.  Ryan,  : 

J.B.  Eisen  ..  f 

G.S.  Lozier,  J.B.  Eisen  |  • 


G.S.  Lozier,  J.B.  Eisen 


On  August  31,  1961,  Dr.  G.S.  Lozier  and  Mr.  R.J.  Ryan  visited  the  Colutfclan 
Cartm  Co.  in  Princeton,  Rev  Jersey,  to  discuss  the  status  and  availability  of 
eartw  for  use  vith  m-niB.  Present  at  the  meeting  vere  Dr.  C.W.  Sweitzer,  Messrs. 
K.  Burgess,  F.  Eckert,  and  L.  Ross  of  the  Colinibian  Carton  Co. 
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